Aim: To compare the prevalence of antibiotic resistance found in nasopharyngeal Streptococcus pneumoniae between villages treated with topical tetracycline or systemic azithromycin as part of a trachoma control programme. Methods: All children aged 1-10 years were offered either single dose oral azithromycin treatment (20 mg/kg) or a course of topical 1% tetracycline ointment, depending on the area. Treatment was given annually for 3 years. Six months after the third annual treatment in each village, children were surveyed for nasopharyngeal carriage of S pneumoniae and resistance was determined using broth dilution MIC technique. Children in two additional villages, which had not yet been treated, were also surveyed. Results: Nasopharyngeal carriage of S pneumoniae was similar in the tetracycline treated, azithromycin treated, and untreated areas (p = 0.57). However, resistance to tetracycline and azithromycin was distributed differently between the three areas (p = 0.004). The village treated with topical tetracycline had a higher prevalence of tetracycline resistance than the other villages (p = 0.010), while the oral azithromycin treated village had a higher prevalence of macrolide resistance than the other villages (p = 0.014). Conclusions: Annual mass treatment with oral azithromycin may alter the prevalence of drug resistant S pneumoniae in a community. Surprisingly, topical tetracycline may also increase nasopharyngeal pneumococcal resistance. Topical antibiotics may have an effect on extraocular bacterial resistance.
T opical antibiotics are ideal for external ocular infections, such as conjunctivitis and keratitis, because they are easy to administer, achieve a high concentration at the site of infection, and have fewer potential systemic side effects. [1] [2] [3] [4] The risk of developing bacterial resistance, in both ocular and non-ocular isolates, is believed to be lower with topically applied antibiotics. This is due to the relatively small number of bacteria in the eye and the small concentration of antibiotic that is absorbed systemically. 4 Topical antibiotics can clearly cause bacterial resistance in the conjunctiva, cornea, and lids. 5 It is also well known that ocular drops can be associated with systemic side effects, such as suppression of endogenous cortisol production with topical steroid use 6 and untoward respiratory and cardiovascular events with the use of topical beta blockers. 7 However, to the best of our knowledge, there are no reports of the emergence of drug resistance in bacteria at extraocular sites associated with topical ophthalmic antibiotics.
In this study, we distributed three annual mass antibiotic administrations to two villages in a trachoma endemic area of Western Nepal. The treated villages received either oral azithromycin or topical tetracycline. Six months after the last round of treatment, we surveyed young children for the carriage of antibiotic resistant pneumococcus in the nasopharynx. In addition, at this time point two further villages, as yet untreated, were also surveyed for nasopharyngeal pneumococcal carriage.
METHODS
This study was granted ethical approval by the Institutional Review Board of the University of California, San Francisco, and by the Nepal Health Research Council and Social Welfare Council. Verbal consent was obtained from the parents/ guardian of all children who participated in this study. Three subdistricts (Village Development Committees) in the Kailali district of Western Nepal were surveyed for clinically active trachoma using the World Health Organization simplified grading system in May 1998. 8 The prevalence of clinically active trachoma (that is, TF and/or TI) in the right eye of all children aged 1-10 years was documented. Two subdistricts were chosen to be treated with oral azithromycin as part of the trachoma control programme beginning in November 1998; the other subdistrict was treated with topical tetracycline. An azithromycin treated village was matched to a tetracycline treated village, based on predominant ethnic group (Rana Tharu) and trachoma endemicity (the village with the highest disease prevalence was selected from the azithromycin treated subdistricts and also from the tetracycline treated subdistrict). Azithromycin treatment (single dose, 20 mg/kg, up to a maximum dose of 1 g) was distributed in one village, and 1% tetracycline ophthalmic ointment (twice a day for 6 weeks) distributed in the other. The full course of tetracycline ointment was given to the parent/guardian of each child for administration at home. All parents/guardians were instructed on how to apply the eye ointment and educated on the importance of regular application for the full 6 week treatment period. Treatment with topical tetracycline was not directly observed. A single round of antibiotic treatment was offered once per year to all children aged 1-10 years old in each village for a 3 year period. Two additional untreated villages from Kailali district were randomly selected to be surveyed for background pneumococcal carriage and resistance in May 2001. After this assessment, all children aged 1-10 years were offered oral azithromycin as part of a separate programme.
In May 2001, 6 months after the third annual treatment in each of the two treated villages, surveillance was performed for pneumococcal carriage and resistance, as well as assessment of trachoma clinical activity. Children aged 1-7 years were monitored, because the prevalence of pneumococcal carriage peaks in this age group and progressively decreases in older children. 9 Dacron nasopharyngeal swabs Abbreviations: NCCLS, National Committee for Clinical Laboratory Standards.
were obtained transnasally from all children aged 1-7 in order to determine the presence of S pneumoniae. Swabs were immediately placed into STGG media for preservation and transportation as previously described. [10] [11] [12] Samples were kept at 4˚C for up to 2-3 hours in the field, then placed at 220˚C at Geta Eye Hospital and frozen at 270˚C in Kathmandu before transport to the Proctor Foundation Microbiology Laboratory at the University of California, San Francisco, where they arrived frozen. 12 Samples were kept at 280˚C for up to 4 months before culture. All pneumococcal isolates were stored frozen at 280˚C until antibiotic sensitivity testing between October 2001 and November 2002. It has previously been shown that S pneumoniae collected from the nasopharynx can be safely transported and stored in STGG media for up to 2 years before analysis. 13 Swabs were processed using standard laboratory techniques by laboratory personnel masked to the study arm of each sample. Susceptibility was determined using broth dilution minimum inhibitory concentration (Sensititre MIC plates, Trek Diagnostics Inc, Westlake, OH, USA). National Committee for Clinical Laboratory Standards (NCCLS) values for non-susceptibility to azithromycin, tetracycline, penicillin, and trimethoprim-sulfamethoxazole were used (M100-S9. Wayne, PA: National Committee for Clinical Laboratory Standards, 1999).
Cases in each of the azithromycin treated, tetracycline treated, and untreated areas were identified as azithromycin resistant, tetracycline resistant, or sensitive to both drugs, resulting in a 363 contingency table (note that all azithromycin resistant cases were also tetracycline resistant). Fisher's exact test was used to determine whether the observed distribution of pneumococcal antibiotic resistance between the three areas would likely have occurred by chance alone.
14 In order to explain the difference found in the overall distribution, the original 363 table was partitioned into the two relevant 262 post hoc comparisons, and a Bonferroni adjusted p,0.0125 was considered significant (because the original table contains 4 degrees of freedom).
RESULTS
The prevalence of clinically active trachoma in children aged 1-10 years pretreatment was 50% in the tetracycline village and 39% in the azithromycin village. Six months after the final treatment, prevalence dropped to 20% in the tetracycline village and 4% in the azithromycin village. 15 The trachoma programme achieved an estimated antibiotic treatment coverage of 80%. 16 Nasopharyngeal carriage was similar in the three study areas: 84% in the azithromycin treated village, 88% in the tetracycline village, and 85% in the untreated villages (p = 0.57, table 1). However, resistance to tetracycline and azithromycin was distributed differently between the three areas (363 Fisher's exact, p = 0.004, table 1). Post hoc testing revealed that the village treated with topical tetracycline had a higher prevalence of tetracycline resistance than the other villages (262 Fisher's exact, p = 0.010), whereas the village treated with oral azithromycin had a higher prevalence of macrolide resistance than the other villages (262 Fisher's exact, p = 0.014).
Resistance to penicillin was undetectable in both the antibiotic treated villages and the untreated villages. Resistance to trimethoprim-sulfamethoxazole was present in all of the treated and untreated villages, but was not significantly different between the three study areas (362 Fisher's exact, p = 0.650). Sulfonamides represent approximately 13% of total antibiotic use in this area of Nepal. 17 
DISCUSSION
Our data suggest that either topical tetracycline or oral azithromycin use can select for pneumococcal resistance in the nasopharynx. The selection for resistance to oral azithromycin has been a concern since mass trachoma distributions began. 11 12 18-20 Significant, transmissible macrolide resistance in chlamydia has not as yet been demonstrated. However, pneumococcal resistance has previously been shown to develop soon after mass azithromycin treatments. 18 19 This resistance is reduced at 1 year unless subsequent treatments are offered. 11 12 In this study, some resistance was identified after three annual azithromycin treatments. Although no pretreatment data are available, this resistance was apparently induced by the azithromycin distributions as no azithromycin resistance was found in the tetracycline treated village or in the two untreated villages. However, it is reassuring that even after three mass treatments, resistance was present at levels that are far below those found in Western countries. 21 This result suggests that three annual azithromycin treatments of children for trachoma may not result in a high prevalence of drug resistance, at least in an area where there is little to no previous resistance.
Topical tetracycline is still used for the treatment of trachoma, even though it has some drawbacks such as poor adherence because of irritation of the ocular surface, temporarily blurred vision, and lengthy treatment periods. 22 However, it has been argued that topical agents may be less likely to induce resistance at extraocular sites than a systemic antibiotic. Our study suggests this may not be true. Six months after antibiotic distribution, the village treated with topical tetracycline had significantly more tetracycline resistance than all the other villages. Even the untreated villages in our study area seemed to have a considerable amount of background tetracycline resistance. Interestingly, an argument could be made that the clinical implication of resistance from topical tetracycline is of greater concern than that from oral azithromycin, as tetracyclines are prescribed and used far more commonly in the community than are macrolides in this region of Western Nepal. 23 It should also be noted that penicillins make up about 40% of the antibiotic use in this area, and that no penicillin resistance was identified.
17 Table 1 Distribution of antibiotic resistance in nasopharyngeal S pneumoniae in each of the three study areas It is expected that topical antibiotics select for resistance locally at the site of application. Our data suggest that ocular application of high concentrations of antibiotics likely affect the bacterial flora of the nasopharynx as well. This is not surprising, given that medications administered to the ocular surface can flow through the nasolacrimal duct into the nasopharynx, and that the nasopharynx in many children is colonised with pneumococcus. Regardless of the mechanism, emerging systemic resistance from topical antibiotic use, whether for primary treatment or secondary prevention, has to be considered-an effect not previously recognised.
